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POLYURETHANE DISPERSIONS AND FILMS PRODUCED THEREWITH 
CROSS-R FFFR FNfP tq p R i OR APPI IrATrf>M 

This application claims the benefit of U.S. Provisional Application No. 60/204 874 filed 
May 16, 2000. 

B ACKGR OT nsm n F mE jNypMnnM 

This invention relates to fi.m prepared from aqueous po.yurethane dispersions This 
■nvenfon particularly relates to aqueous po ly urethane dispersions useful for preparing 
gloves. 6 

While ostensibly reactive with water, i, has .ong been known that polyisocyanate 
polymers can be used to prepare aqueous polyurethane dispersions. Po.yurethane 
Aspersions are generally prepared by chain extending the reaction product of an organic 
dusocyanate or po,yisocyana,e and an organic compound having two or more active 
hydrogen atoms such as polygene ether g,yco,s, poly(a.kylene ether^kylene thioether) 
glycols, a.kyd resins, polyesters and polyester amides, often using an organic solvent The 
dusocyanate is used in stoichiometric excess so that the reaction product, a!so referred to as 
a polyurettone/urea/thiourea prepolymer, is isocyanate terminated. Examples of 
polyurethane prepolymer preparations are described in U.S. Patents Nos 3 178 310- 
3,919,173;4,442,2 5 9;4,444,976;a„d4,742,095 ; among„,hers. ' ' ' 

Polyurethane dispersions are reported as being useful for preparing such diverse 
matenals as: coatings and bonds m U.S. Patent No. 4,292,226; flexible solvent barriers in 
U.S. Patent No. 4,431,763; adhesives in US 4,433,095; and f„ms in 4,501,852. FHms or 

rather the process of dipping to make a film, can be a par, of the processes for making many 
articles. Examples of film apphcations include exam gloves, organ bags, condoms, ostomy 

dtsperstons, conventional po ly urethane dispersions have sometimes been found to have 
msufficen. physical or handling properties to make them a preferred material for such 
applications. Also, the use of a solvent can have adverse effects for some applications. 

Poryurethanes are the reaction product of a polyalcohol and a polyisocyanate 
T ».^po,yisocyana t es used ,„ prepare p„,^^ 

.socyana.es such are disclosed in U.S. Patent No. 5,494,960. Aromatic po,yi S ocyana,es such 
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as toluene diisocyanate (TDI) and methylene diphenyldiisocyanate (MDI) as well as 
polymethylene polyphenylisocyanate are also known to be useful. 

Conventional processes of preparing films from dispersions, including polyurethane 
dispersions, generally include a step of coagulating the latex onto a substrata It is therefore 
5 necessary that latexes used to make films have the property that they can be coagulated onto 
a substrate. At the same time, it is considered desirable in the art of making latex dispersions 
that the dispersions be stable, that is that they do not settle or spontaneously coagulate 
during shipping on storage. Accordingly, it would be desirable in the art of preparing 
aqueous dispersions useful for preparing films that the dispersions be capable of being 
10 coagulated onto a substrate using conventional coagulants and coagulation technology. 

H Hlms pre P ared from natural ™°ber latex are considered to have properties which are 

X desirable from the perspective of comfort and utility. Unfortunately, natural rubber latex 

also includes proteins and other materials which can be irritating to skin. 

It would be desirable in the art of preparing films to prepare a water-based film 
^ 15 which has physical properties similar to natural rubber latex films but which doesn't include 
the dermal irritants which occur in natural rubber latex. 
SUMMARY O F THE TNVFNTTnxr 

In one aspect, the present invention is a polyurethane film comprising a film 
prepared from an aqueous polyurethane dispersion, the dispersion being prepared from a 
20 nonionic polyurethane prepolymer and water, wherein the nonionic polyurethane 
prepolymer is prepared from a polyisocyanate and a low monol polyether polyol. 

In another aspect, the present invention is a process for preparing an aqueous 
polyurethane dispersion comprising preparing a nonionic polyurethane prepolymer from a 
polyisocyanate and a low monol polyol; and admixing the nonionic polyurethane 
25 prepolymer with water. 

In another aspect, the present inventions is a polyurethane dispersion prepared by 
preparing a nonionic polyurethane prepolymer from a polyisocyanate and a low monol 
polyol; and admixing the nonionic polyurethane prepolymer with water. 

By utilizing a high molecular weight, low unsaturated polyol, the present invention 
30 has the advantage of being an economical, water-based polyurethane dispersion which has 
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ft. to*, properties of natural latex rubber but does no, include the derma, irritants 
wh.choccurinnaturalrubberlatex. Tie present invention can be used to prepare for 
example, dipped rubber goods, such as gloves, condoms, catheters, and angioplasty 
balloons. 

5 PESCMPTION OF THE PRFFFRPFn FMBOniMFNrre 

^P^^P-Polymerdispersionsofmepresentinventionarepreparedbv 
dtspersmg a nonionic po,yurethane prepo.ymer in water using one or more external 
surfactant, The resulting polyurethane dispersion is useful for preparing film, For purposes 
of the present invention, the phrase "usefu, for preparing films" means tha, whi.e the 
Aspersions are sufficient* stab,e to be stored, they are no, so stable mat they canno, be 
: j eiectrodeposited or coagmated on,„ a substrate ,o make a film or other latex derived 
product. 

S Thedispersion -f the presen, invention can be prepared in any way which result in 

J, a d,spers,on which can be used to prepare a film having acceptabie physical properties for 
ftean,,C,PatedUSe0ftofita -^ di ~-anbe P reparedby 

continuous process. If prepared by a ba,ch process, preferab,y the dispersion is prepared by 
an .nverse phase process wherein a smal. amount of water, induding a small amount of 
% amontc surfactant, is firs, added ,o a continuous prepo.ymer phase and mixed and men more 
water ,s added with mixing until the phase inverts. 

20 When dispersions of the process of the present invention are prepared by means of a 

(HIPR) process. Such processes are known and are disclosed in, for Example, U S Paten, 
No. 5,539,02, to Pa,e e, a.., and U.S. Patent No. 5,959,027 to Jakubowski e. al Other 
contmuous dispersion processes can be wj(h ^ ^ ^ ^ presen( 

ftcprovtsothattheyresultinastabledispersionoratleastadispersionwhichissufficienay 
dtspersed to be further processed in me second step and result in a stabie dispersion For 

purposesof the present invention, a dispersion is stab,eif itdoes no, settle, or separate out 

too qutckly to be useful for its intended purpose. 

When preparing me polyurethane dispersions of me presen, invention using more 
He first surface, can be used to aid in dispersing me prepolymer. In the second step of the 
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Process of the present invention, the dispersion ftom the firs( s(ep . ^ ^ f 
Afferent external surfactant and admixed. The admixture of the second step may be 

^ P resen, m ven u „nwi„ r , V eapar,ic,es iz e„f fr o m 0.9,„abou,0.05,preferab, y fro m 
abouta t oabo„t0.07andeve„ m oreprefera Wy ,fr„mabout0.4,o0,0 m icr„n,Most 

^yuremaneprepo.vrner.Thenonionicprepo.^e^ 

prepared with an aliphatic or aromatic diisocyanate. Preferably, the diisocyar.te is an 

CM bC general ' y ^ With ^ avaiiaHe isomer distribution. The most 

common, J TDI has an isomer distribution of 80 percent of the 2,4 isomer and 20 
distributions can also be used, bu, often a, significant^ higher cost. 

whenMDnsusedw.mtheformuiationsofmepresentinvennon.itpreferab.yhasaPp. 
,omer content of from about 9S to about - percent. Most prefe rably , when MD! is us'ed 

durmg^MDiprocess, ,< can also beprepared b y admixing common., avaHable produce 
are t" ^ 125M* and ISONATE 50OP*. (*ISONATE I25M and ISONATE 50OP 

are trade designations of The Dow Chemical Company.) 

present invention, the y are admixed in a ratio of MDI to TDI of from about 99 percent MDI 
•o about SO P e r cen,MDI.M„repreferab ly ,when mixtures of TDI and MDI are used to 

° f ^ ab ° U ' 98 ™» * about 90 percent MDI. Most prefe ra bly when 
mixtures ofTDIandMDIare used to prepare the prepo,^ useful with thepresent 
invention, they are admixed in a ratio of MDI to TDI of about 96 percent MDI. Preferably 
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percent. The other component of the diol mix*. is . low molec „ lar ^ ^ 

pre B Jr ralIy ' fePO ' ye * erdiO,SOf * ef0mUla,iOnSOf,he ^^ 
polyols to be useful for preparing such diols. "SPolyether 
7116 «* polyether diol componen , of ^ ^ 

.oisopttonaiiy capped wi* fro m 0 to 25 percen, e^ene oxid e. ,„ ft e ataJtiv a 

Inthepracticeofthe present invention, the high mol ecular weight poiyether dio, 
W o , ono , „ gpolyo] ^ 

reacts are very conunon in aikah meta, hydroxide catalyzed P o,yo, processes As the 



60007 



ofi for exa mple , from 20 ,o 40 m0 le percent of rao „ol for a 40oT!olec u ,ar weigh, 
^^^^.^^^^^^ 

weignt ot the polyol increases. 

^'^^^^'^l ^rangeofO.001 ,o 
0. 05 meo/g „ sondes also referred ,o as u„ra-,ow monol polyols. Such 

referred ,o as htgh molecular weigh,, low unsaturate polyols. 

i ^^^^^^^^^^^ 

ca,a,ysts. Hybnd processes can a,s„ be used. The actual method of cassis is no, 
;? .mponan,; ,he cntical feature is the low unsaturate of less than 0.025 meo/g The 
, ecutvalen, and mo,ecu,ar weigh,s expressed herein are in Da (Dahons) M d I „ umb er 

oTT; T m50W ^ ,raPreferaW ^^^«0weigh,perce n ,ofle 

PC ^ ; a 7 0ly0lPOrt0n ° fftePOl - 1C ~'^uld b ealowunsatete 

Polyo,such ttl a,the,o.,po, y olco m ponentunsa rura teis,ess ttl an0.02 5m e q / g 

™ rably, ,hts componen, is also a polyoxypropylene diol, bu, i, can also be a mixed 

g-yco d lpropyleneglycol; l.^nedioUndmelikccanalsobeusedwimthe 
formulatesofmepresentinvention.The.owmolecularweightdiolcomponentoffhe 
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Typica,ly,,owmo,ecu 1 ar weight po.yols are low monol polyols, but this ,ow m „,ecular 
we.ght polyo, c„ m po„e„« can be . low monoI ^ a ^ 
thereof. 

^^'^"-Mwi.h.hepreseminventioncanbepreparedmanyway 

c ° n *''<™-n,,oprepareap„»^ 
™«"nula,^^ 

excess. Prefer,, ^ prepolymers usefil , ^ ^ ^ ^ ^ ^ 

from abou,2,oabou,8wei g htpercen, and mos. preferably from abou. 3 to about 7 we Jt 

percent. g u 

The prepolymers nseful with the present invention are optionally extended 

h,gh molecular weigh, P olye,her dio,. The dift.nc.ionalam.ne chain extender tnayno, be 
opuona,, bu, rather be required when Ore active hydrogen containing material of the 
Prepolymerformuiationisahigh molecular weigh, polyether dio. and does no. include a 
■ow molecular weigh, diol. Preferably, me diftmctiona, amine chain extender, if present is 
presentmthe water used to mate the dispersion. When used, the amine chain extender can 
be any .socyanate reactive diamine or amine having another isocyanate reactive groupanda 
■nolec.arwe.ght of from about 60 to about 450, but is preferably selected from the group 
cons,s,.ngof:anamma.ed P o,yemerdio 1; piperazine,ammoe.h yl eman„,ami„e 
e^anolamine ethyienediamine and mi xto res .hereof. The prepolymers are preferab.y chain 
extended to the point where no covalen. cross-linking occurs, such fta. fte resulting 
prepolymer has an average practical functionality of less man about 2.1. Preferably the 
anune chain extender is disso.ved in fte water used to make the dispersion such thai amine 
cha,„ ex,en,„„ is carried ou, after fte prepo.ymer has been initiaHy emu.sif.ed in fte water. 

rae W ol >™-^wiftftepresen,i„ventionare n0 monie.Thatis,ftereare„o 
•hefinnsofthe present invention. The anionic surface used .oprepare .he dispersions of 



*e presen, invention is a external stabihzer and is not incorporated into the po.ymer 
backbones of the films of the present invention. 

The prepolymers useful with the presen, invention are dispersed in water which 
conta.ns a surfactant. Preferably the surfactant is an anionic surfactant. In the practice of 
prepanng the dispersions of the present invention, the surfactant is preferably introduced 

mto water prior toaprepoiyrner being dispersed herein, butitis no, outside the scopeofUte 
present ,„ven,i„n that ,he surfactant and prepo.ymer couid be introduced mto the water a, 
*e same tune. Any atonic surface, can be used with the present invention, but preferably 

odtunt oodecyl su.fo„ate, sodium dodecyl diphenyl oxide disulfonate, sodium „-decyl 
dmheny, oxide disulfonate, isopropy,ami„e dodecylbetrzenesulfonate, or sodium hexy! 
diphenyl oxide disulfonate. 

^P--°f,he P rocess «f*e present invention, in an op,onal second step, a 

and Afferent external surfactant Most preferably, the externa, surfactant used win, the 
process of the present invention as the second step surfactant is triethanolamine laury, 
sulfate. Other externa, surfactants can also be used in the second step of the process of the 

20 different surfactant. 

The dispersions of the presen. invention can have a solids leve. of from about 30 
wetghtpercentto about 60 weight percent, Fihns win no, necessarily be prepared from 
tans having mis ,eve! of solids. While the dispersions the m se,ves wi.l be stored and 
sh.ppec a, as high a solids content as possible to minimize storage volume and shipping 
costs, the aspersions can desirably be diluted prior to final use. The thickness of the film to 

7 t rep ;; d i and ; hemethodof — ^^^--0.^^^,,^ 

what sohds.eveLs needed in the dispersion. When preparing film s, the dispersions of the 

f-abouUOtoabouMOpercent, and, -preferably, from about >5 to a*ut 25 weigh, 
percent when preparing examination gloves. For other applications, me film thickness and 
correspondmg solids content of the dispersion used can vary. 
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P^redandsc "^-W^p^..^^ J 

5 polymer from adhenng t0 itself, thereby making it easier ,o pu t on th e gioves The films of 

sbUmprepanng^oves.ousefu.forpreparingpowderfreegioves. 
fromd^"^^^ 

much that t he films are no longer ft for , he ir intended purposes. The additives can also 

Tal T ^ m ^ PreP ° Iymer fo ™^» »d irrcusion in th e water usedt 

b.octdes, carbon particles, and the like. ' 

EXAMP7.FS 

The following materia i s ^ used in ^ examples ^ 

polypropylene dio, having ,2 percent ethy,ene oxide end capping 

• P ° lyi ->'-^isMD,havi„ga 4 ,4.ison 1 erc„n te n,of98perce„,andanisoc ya „a,e 
e,u,vale„, W e lgh , 0 f 125(ISONAra . 125MfromraeDowchemicaiComp J-e 

• Chatnextenderisa molecular weigh, ^ine (aminoeu.ylethanoJa.nine). 
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• Surface is a 22 wt.% solution of sodium dodecyfcenzene sulfonate in water. 
Example 1 

a n d40 A T e,hMePreP °'^ er ^^^ 

and4.0pa n s L owMo 1 eeu 1 a r We ightDlol a„ dfll e„ h ea, i „ g t n eaa mi x turet „50"C This ' 

content. The NCO content is 4.0 percent. 

A polyurethane dispersion is prepar e d by admixing 2 ffli 

258g addmona, water is slowly added unti! a phase inversion is observed. 

untii itr rrH isaenpr ^ aredbyacoa ^ ationprocessbyhea ^ 

^.e on the p,a,e.rhe plate isa.,owed,o coo, ,ol05» F( 40=C) and then dipped into^ 

40 ! C) ( ; ' Orl0m,nUteS - ^^^'^P'-^en sprayed w iai wa,era«n 5 . F 
(40 C) for two additional minutes. The plate is then heated to 230»F (, ,0°C) for 30 
~and then coo,ed to anient — 

^-«^^ n ^D4.a*( Dl .c Sw » B L wll .™ ,, " 

w,dhf n arrowsec,io„ = 0,5,a„d g au g e,e ngai = 1 ,r,Te stm g results are presented in 
Stable. » ts mctilely soft and ye, has good physical properties. 

Examp le 7. 

APrepolytner is prepared the same as inExample 1. However, during the dispersion 
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Apo,yu re ,ha„ep repoiymerispreparedbyadmixiiig7i , 5part 

m 1 r^r ,stohea,edatwcfor6houreMdtote - dtod ~Nco 

content. The NCO content is 4.0 percent. 

The dispersion and films were made using same procedure as in Exampie 1. 

Example 4 

A prepolymer is prepared the same as in Example 3. However, during the dispercion 

me amount of diamine used is calculated to r 
prepolymer. 



3 react with 25% of available isocyanate i 



Table I 
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